Hantaviruses, members of the genus Hantavirus, family Bunyaviridae, cause two main human zoonoses, haemorrhagic fever with renal syndrome (HFRS) in Eurasia and hantavirus pulmonary syndrome (HPS) in the Americas (Schmaljohn & Hjelle, 1997) . It has been established that hantaviruses carried by the Rodentia subfamilies Murinae and Arvicolinae are the causative agents of HFRS in the Old World, whilst those carried by the subfamily Sigmodontinae are the causative agents of HPS in the New World. In addition to existing in rodents, hantaviruses have also been identified in several insectivore species, although their pathogenesis is unclear (Song et al., 2009; Tsai et al., 1984; Yadav et al., 2007) .
Previous studies have revealed the presence of a number of hantaviruses in a variety of rodent species in China, including Hantaan virus (HTNV) in Apodemus agrarius, Seoul virus (SEOV) in Rattus norvegicus, Da Bie Shan virus in Niviventer confucianus, Puumala-like virus (Hokkaido virus, Fusong strains) in Microtus rufocanus, Vladivostok virus in Microtus fortis and Khabarovsk virus in Microtus maximowiczii (Wang et al., 2000; Zou et al., 2008a, b) . In the present study, small mammals were captured in a hantavirus-endemic area, Luxi County in the Yunnan Province of China, from the autumn of 2009 to the spring of 2010. The lung tissues of trapped animals were recovered and stored immediately at 2196 u C, and subsequently transported to the laboratory for processing. The rodent species were identified by amplification and sequencing of the mitochondrial cytochrome b gene from the lung tissue as described previously (Bibb et al., 1981) .
Hantaviruses were detected in the lung tissue using a direct immunofluorescence assay (IFA) using antibody against SEOV or HTNV, as described previously (Wang et al., 2000) . IFA-positive tissues were first detected by RT-PCR using primers conserved for SEOV and HTNV sequences (Puthavathana et al., 1992; Wang et al., 2000) , and subsequently with a modified sequence-independent amplification method (random PCR) (Li et al., 2010) if the specific amplification with RT-PCR was unsuccessful. The complete genomic sequence was amplified by PCR using primers designed either from published sequences of hantaviruses or from those obtained by the random PCR performed in this study. The PCR products were cloned into a pGEM-T Easy vector and sequenced with an ABI Prism 3730 DNA analyser. For each cloned PCR fragment, at least three independent clones were subjected to sequencing to obtain the consensus sequence. The MEGA4 phylogenetic program suite (http://www.megasoftware.net) was employed for construction of phylogenetic trees using the neighbour-joining method (Poisson correction model) with 1000 bootstrap replicates (Tamura et al., 2007) . Alignments were prepared with CLUSTAL_X version 2.0.12 (Larkin et al., 2007) . For comparison, representative hantavirus sequences were also retrieved from GenBank.
The dataset was scanned for recombination events using RDP version 3.34 (Martin et al., 2005) .
In total, 330 small mammals belonging to seven genera and 12 species were trapped during 2009 and 2010 (Table 1) . Of the lung tissue samples, 28 (8.5 %) of 330 tested positive for hantaviruses by IFA. However, none of the samples was determined to be positive by RT-PCR using primer sequences conserved for SEOV and HTNV (Puthavathana et al., 1992; Wang et al., 2000) . A random PCR was then performed to amplify the sequences from one IFA-positive sample (designated LX309). The first-round sequencing of cloned fragments indicated that two sequences showed similarity to but were distinct from the S segment of known hantaviruses. Based on these sequences, we designed and used a set of nested RT-PCR primers [LX309S-F1, 59-CAAAGAGAACAAAGGCACAAGAAT-39, and LX309S-F2, 59-TAACAAACCGGCAAAGGCAACT-39 (forward primers); LX309S-R, 59-CCGGAGGTAGGACT-GATAGAATG-39 (reverse primer)], which produced fragments of 682 and 305 bp, respectively, in the first and second rounds of PCR, to detect the novel hantavirus in the 28 IFA-positive samples. Of these samples, 12 were positive, and all were from the Yunnan red-backed vole (Eothenomys miletus). The partial sequences of the S segment recovered from the 12 RT-PCR-positive samples were found to have a nucleotide identity of 96-100 % among themselves and with the sequence of an uncharacterized Tula-like virus found in E. miletus collected in Luxi County in 2006 by our group (GenBank accession no. HM030880; Wang et al., 2010) . The partial S segments of the 12 samples (including LX309) could be grouped into three genotypes, which had a nucleotide identity of 95.7-97.0 %, based on a consensus sequence of 635 bp (GenBank accession nos JF343778, JF343779 and HM756286). These results indicated that a novel hantavirus is circulating in E. miletus in Luxi County.
The full-length sequences of the S (2107 nt), M (3663 nt) and L (6538 nt) segments of LX309 (GenBank accession nos HM756286, HM756287 and HQ404253, respectively) were obtained. Notably, the LX309 S segment was found to be longer than that of known hantaviruses and encoded a longer nucleocapsid (N) protein of 438 aa, followed by a longer untranslated region (UTR) of 748 nt at the 39 end of the mRNA. The LX309 N protein had highest amino acid identity (~79 %) with Isla Vista virus (MC-SB-1 strain), Tula virus (TULV, Ma322/2003 strain) and Bayou virus (Table 2 ). The most variable region of the protein was found to be located between aa 251 and 263 when compared with the sequences of other hantaviruses. A motif sequence, GKLGFDDDDEDD, was present in this region, whereas the N proteins of other hantavirus species have a deletion of 5210 aa in the same region. Furthermore, an overlapping ORF (122-331 nt) within the N protein-coding sequence was found to be homologous to the putative non-structural (NS) protein, which is present in hantaviruses carried by rodents in the Arvicolinae and Sigmodontinae subfamilies (Plyusnin, 2002). However, the region from nt 1360 to 2054 of the mRNA (UTR) did not possess any sequences homologous to known hantaviruses. The LX309 M segment encoded the glycoprotein (G) of 1139 aa, which had highest amino acid identity (~74 %) with Prospect Hill virus (PHV; PH-NY1 strain) and TULV (Moravia/5302v/95 strain), and the most variable region was located in the G1 region. The LX309 L segment encoded the RNA-dependent RNA polymerase (RdRp) of 2154 aa, which had highest amino acid identity (~80 %) with TULV (Moravia/5302v/95) and PHV (PH-1 strain) ( Table 2 ). Phylogenetic trees constructed based on alignment of the N, G and L protein sequences indicated that LX309 formed a monophyletic clade within hantavirus group 2 (Fig. 1 ). Natural reassortants with other species were not found in the LX309 genome (data not shown).
The International Committee on Taxonomy of Viruses (ICTV) guidelines for the characterization of a hantavirus species include four mandatory rules: (i) a hantavirus species is found in a unique ecological niche; (ii) a hantavirus species exhibits at least a 7 % difference in amino acid identity when comparing the complete S and M segment sequences; (iii) a hantavirus species shows at least a fourfold difference in two-way cross-neutralization tests; and (iv) hantavirus species do not naturally form reassortants with other species (Nichol et al., 2005) . Recently, Maes et al. (2009) refined the second rule of the ICTV classification guidelines to include a 10 % difference in S segment similarity and a 12 % difference in M segment similarity, based on complete amino acid sequences. According to these ICTV rules, LX309 fulfils three of the rules and thus should represent a new hantavirus species: (i) the virus has regularly been detected in E. miletus in Luxi County in Yunnan Province, China; (ii) the amino acid sequences of the S and M segments are significantly divergent (¢21 %) from those of other hantaviruses; and (iii) the virus does not naturally form reassortants with other species (data not shown). Thus, we propose naming this novel species Luxi hantavirus after the location where it was first detected. This virus has immune cross-reactivity with HTNV and SEOV according to IFA. However, because of unsuccessful isolation of the virus, we were unable to conduct a virus neutralization assay.
In summary, we have successfully obtained the full-length genomic sequence of a novel hantavirus, Luxi hantavirus (LUXV), and developed a nested PCR that could detect this novel virus in some of our IFA-positive samples. However, we were unable to detect any hantaviruses in other positive samples. A possible reason for this is that there may exist other novel hantaviruses that cannot be detected using our nested PCR. We also cannot exclude the possibility of PCR sensitivity issues and false-positive IFA results.
The Yunnan red-backed vole is a dominant rodent species and has a wide distribution in the Yunnan Province (Hou et al., 2006) . This species lives mainly in agricultural fields where its activities are closely associated with those of humans. Consequently, it is necessary to focus on isolation of LUXV, or expression of the N and G proteins in vitro, to develop an immunological method specifically for detecting LUXV infection in animals and human populations, and to evaluate the potential pathogenicity of this novel virus in humans.
